In the structure of endocrine diseases diabetes mellitus (DM) 
I
n the structure of endocrine diseases diabetes mellitus (DM) occupies the second place after the thyroid gland pathology. In 2012 there were more than one million people with diabetes, 10-15% of them were with type I diabetes in Ukraine [3, 7] . Thus, currently one in ten people in the world suffers from explicit or implicit form of diabetes. That is why optimization of therapy for this disease is one of the most pressing health and social problems of our time.
Today we know a lot of reasons that can cause diabetes, such as heredity, genetic or metabolic disorders, viral infections, obesity, poor diet, lack of exercise, stress, poisoning, environmental pollution, complications as a result of taking certain medicines, etc. [1] . In some cases type I diabetes is an autoimmune disease, which is based on a defect of the immune system [8] .
The pathogenesis basis of the most serious complications of diabetes (thrombosis, atherosclerosis, kidney failure, cataract, etc.) is nonenzymatic glycosylation processes. Formation of products of early and enhanced glycosylation begins with formation of a covalent bond between the aldehyde group of glucose molecules and the amino reactive protein, which is often localized at the N-terminus of the lysine moiety. The aldimino-bound Schiff base is a volatile compound that within a few hours is subjected to slow chemical transformation into a more stable Amadori product (fructose-lysine), which HbA1c and fructosamine belong to [2, 12] . Nonenzymatic binding of glucose to proteins initially leads to reversible and then irreversible metabolic disorders [4] .
Taking into account the presence of antioxidant properties [14] in recombinant receptor antagonist IL-1 raleukin and the hypoglycemic action determined in previous studies it was of interest to study its effect on the initial reactions of nonenzymatic glycosylation leading to the formation of products Amadori -HbA1c and fructosamine [11] .
The aim of this work is the experimental study of hypoglycemic properties of receptor antagonist IL-1 raleukin obtained in the State Research Institute of High-Purity Biopharmaceuticals of St. Petersburg on the model of dithizonic diabetes in rabbits.
Materials and Methods
The experimental model of diabetes induced by dithizone -a compound with chelating properties is a model of the absolute insulin deficiency of direct b-cytotoxic genesis [4, 12] .
H. Okamoto has formulated the "zinc theory", according to which zinc interacts with a diabetogenic factor -dithizone to form toxic complexes leading to irreversible destructive changes in pancreatic b-cells [4, 10] .
The model pathology was caused by a single intravenous injection of dithizone solution in the dose of 35 mg/kg given to male rabbits of Chinchilla breed with the weight of 2.8-3.4 kg previously fasted for 16-18 hours [4] . As reference drugs metformin (diaformin of "Farmak" JSC, tablets, 0.5 g) and anakinra (Kineret produced by "Swedish Orphan Biovitrum" (Sweden), powder for injections, 100 mg) were selected.
The choice of reference drugs is conditioned by the fact that metofmin is the reference hypoglycemic drug included to the standard therapy of both types of diabetes, as well as it directly inhibits formation of products of nonenzymatic glycosylation [6, 10, 13] , and anakinra is a recombinant receptor antagonist IL-1 with the proven hypoglycemic activity, which is a complete analogue of the drug under research [15] .
These drugs were administered in the therapeutic regimen: raleukin in the dose of 7 mg/kg and anakinra in the dose of 8 mg/kgsubcutaneously [16] , metformin in the dose of 30 mg/kg -intragastrically [9] once within 30 days from the next day after introduction of dithizone.
Intravenous glucose tolerance test (IGTT) was reproduced in rabbits by introduction of intravenous glucose solution in the dose of 500 mg/kg on the 30-th day of the study. Blood samples for glucose analysis were taken before and after 5, 10, 30 and 60 min of glucose load [4, 9] .
Hypoglycemic properties of drugs were assessed by the following parameters: basal glycemia in dynamics on the 10-th, 20-th and 30-th day of the study, on the 30-th day the area under the glycemic curve (AGC), the coefficient of b-cell function (CBF), the dynamics of glycemia during IGTT [4] .
The intensity of the initial reactions of nonenzymatic glycosylation was detemined by the values of glycosylated hemoglobin (HbA1c) and fructosamine levels in the blood serum of rabbits on the 30-th day of the research [2, 4] .
Blood glucose was evaluated by the glucose oxidase test using the glucose enzymatic analyzer "Eksan-D" (Lithuania); AGC was calculated by "Mathlab" computer program [6] .
Sensitivity of peripheral tissues to the action of insulin was determined by the HOMA method (Homeostatic Model Assessment) -a mathematical model of insulinglucose relationship by the formula 1 [5] .
(1)
The concentration of insulin is measured in microns U/ml, and the concentration of glucose is in mmol/l.
The level of HbA1c was determined by the colorimetric method using the reaction with thiobarbituric acid, the fructosamine content -by the method of Johnson R.N. [5] .
When recording the results as mean ± standard error the statistical reliability of intergroup differences was calculated by the Student t-test.
Results and Discussion
The results are shown in Tables 1-4.
Dithizone is 8-hydroxybenzopyridine, which is capable of forming chelate complexes with zinc and can induce insulin-dependent diabetes. Most studies indicate that zinc is actively involved in the synthesis, deposition and secretion of insulin and it is mainly located in the secretory granules of b-cells. It is believed that zinc ions contribute to the transformation of proinsulin into insulin and hormone excretion as a stable crystalline form of zincinsulin [4] . Therefore, on the second day after injection of dithizone in experimental animals there was a sharp increase in basal hyperglycemia (on the average by 4.6 times), which remained there to the end of the study (on the average 3.8 times higher than the value in the group of intact animals) (Table 1). This indicates the absence of spontaneous remission and relevance of the chosen model for testing anti-diabetic properties of raleukin.
Basal glycemia in all groups of the experimental animals with diabetes at baseline (the second day after administration of dithizone) was equal to about 16-17 mg/dL and was also accompanied by a double decrease in the concentration of insulin in the blood serum. In this case only an absolute deficiency of insulin without the inclusion of autoimmune components corresponding to type 1 diabetes in humans was reproduced [2, 4] .
The increased area under the glycemic curves (AGC) on the 30-th day of the research (Table 1) testified the marked insulin deficiency in rabbits of the control pathology group.
It has been found that the use of all drugs under research within a month contributes to a significant reduction of basal hyperglycemia and AGC value though the values of animals from the intact control group are not reached (Table 1) .
By the normalized effect on basal glycemia on the 20-th and 30-th days of the study raleukin (1.2 times) and anakinra (1.2 times on the 20-th and 1.3 timeson the 30-th day) exceeded metformin. Raleukin and anakinra also significantly reduced AGC by 1.3 and 1.4 times, respectively, compared to the similar value of the control pathology group. Metformin showed only a tendency to AGC decrease. There was no significant difference between the hypoglycemic action of raleukin and anakinra.
Introduction of drugs studied within thirty days contributed also to the possible reduction of glucose tolerance, and it was proven in the conditions of IGTT. Under the influence of raleukin and anakinra in 60 minutes glycemia was not significantly different from the basal one in the corresponding group, and on the background of metformin it was 1.3 times higher than the basal one (Table 2 ).
In the conditions of IGTT a distinct insulin deficiency was observed in animals of the control pathology group as evidenced by 5.2 times increase in the AGC value and 112.5 times decrease of the CBF value compared to those of the intact control group (Table 3) .
A significant increase of CBF (3.2 times under the action of raleukin, 3.4 times under the influ- Table 2 The effect of raleukin on glycemic dynamics in the conditions of the intravenous glucose tolerance test in rabbits with dithizonic diabetes (n=5) (Table 3) . By the normalized effect on the values of CBF and AGC raleukin and anakinra significantly exceeded metformin. Determination of HbA1c in the blood serum of rabbits in the control pathology group revealed its significant increase by 2.8 times compared to the intact control group confirming the presence of persistent hyperglycemia within thirty days (Table 4) .
Application of raleukin, anakinra and metformin led to a significant reduction in the abovementioned value. It confirms the data about improvement of the glycemic control. So, on the background of raleukin and anakinra the content of HbA1c was not significantly different from the value of the intact control group, under the influence of metformin it significantly differed from the values of the intact control group and groups of raleukin and anakinra.
The level of fructosamine in the blood serum in rabbits of the control pathology group on the 30-th day of the research significantly increased by three times compared to the value of the intact control group (Table 4) . Introduction of both receptor antagonists IL-1 and metformin promoted a significant decrease in the fructosamine concentration (1.6 times on the background of raleukin, twice on the background of anakinra, 1.8 times under the influence of metformin). It also confirms the positive impact of these drugs on glucose homeostasis. Thus, our study has shown the presence of hypoglycemic properties in raleukin on the model of dithizonic diabetes in rabbits. By the intensity of the hypoglycemic effect raleukin is not significantly inferior to the reference drug anakinra and exceeds metformin.
It can be assumed that the hypoglycemic effect of raleukin develops not only because of blocking IL-1 receptors in the pancreas and further protection of b-cells from the cytotoxic effects of dithizone, but also due to inhibition of formation of nonenzymatic glycosylation products. The ability of raleukin to inhibit the synthesis of Amadori products (HbA1c, fructosamine) can be one of the mechanisms of its angioprotective properties under the conditions of diabetes. CONCLUSIONS It has been found that on the model of dithizonic diabetes in rabbits recombinant receptor antagonist IL-1 raleukin has a strong hypoglycemic effect, which intensity is not inferior to anakinra and exceeds metformin.
The results of the studies conducted indicate perspectiveness of further research of antidiabetic properties of raleukin in order to include the drug to the complex treatment of type I diabetes. Table 4 The effect of raleukin on the concentration of initial products of nonenzymatic glycosylation in rabbits with dithizonic diabetes on the 30-th day (n=5) 
